The combined effect of superficial nanocrystallisation by SMAT (Surface Mechanical Attrition Treatment) followed by plasma nitriding on the mechanical properties of a medical grade austenitic stainless steel was studied. SMAT conditions were optimised to enhance nitrogen diffusion.
previous experiments [15] . An intermediary polishing step is thus carried out to remove a thin superficial layer of 3±0.3 µm. The amount of material removed was measured by successively indenting the surface layer by a Vickers indenter with different loads. Using the projected areas of the indenter, this amount was carefully determined and controlled. Before being placed in the nitriding chamber, the samples were ultrasonically cleaned in an acetone bath. The nitrided samples were all treated in the same manner: they were put into the plasma nitriding furnace simultaneously and at the same distance from the furnace wall. Plasma nitriding was then carried out for 20 h at 425°C [2] in a 20% N 2 + 80% H 2 gas mixture at a pressure of 500 Pa [19] . The temperature was measured and controlled by a thermocouple placed inside one of the samples. The nitriding time was chosen according to the thermal stability TTT diagram of γ N [19] .
Material characterisation
The materials were characterised by several techniques. Transverse sections were cut for measuring layer thicknesses and grain sizes using Optical and Scanning Electron Microscopy (OM and SEM) as well as Electron BackScattering Diffraction (EBSD). These sections were polished and etched in a 50 vol.-% HCl + 25% HNO 3 + 25% H 2 O solution to reveal the nitrided layer. Microhardness profiles were measured by a Vickers indenter (Model FM-300e) using a 25 g load. Each data point corresponds to the average of seven indentations. Nitrogen concentration profiles were obtained using a LEO 1450VP SEM with Energy Dispersive X-ray Spectroscopy (EDS). The crystal structure was analysed by X-ray diffraction (XRD) with a Seifert PTS-3000 X-ray diffractometer using CrKα radiation and Bragg-Brentano conditions, directly on the sample surface.
Results and discussion

Thermal stability of the nanostructure generated by SMAT
In order to establish the thermal stability of the nanostructure during the nitriding, the grain sizes of different annealed samples (SS, SA5 and SA20) were determined at 2 µm below the surface from multiple SEM and EBSD observations. Fig. 1 shows a typical example of one of these microstructures (SS). The average grain sizes are summarised in Tab. 3. It can be observed that the different annealing treatments hardly affect the average grain size of the nanocrystalline surface, and that a nanocrystalline layer composed of nanograins smaller than 50 nm is still present after 20 h at 425°C.
Layer morphology and nitrogen profiles
The thickness of the nitrided layer in each sample was determined by OM (Fig. 2a) . Fig. 2b . The net counts presented in this figure are supposed to be proportional to the nitrogen concentration. Three zones of each sample were analysed by EDS to check the accuracy and repeatability of the results. The nitrogen curves fluctuate due to the instrinsic scatter of the measurements. As in the optical micrographs, the nitrogen penetration depths again show that nitrogen diffuses furthest into SPN425 and that it hardly diffuses into SN425.
Micro-hardness profile
In order to have some indication as to how the duplex process affects the hardness, Vickers microhardness (HV) was measured through the cross-sections of the samples as shown in Fig. 3 . At the surface, SPN425 and N425 have a similar micro-hardness (1118±108 and 1088±110 HV 0.025 respectively), which is about five times higher than that of the untreated sample. However, the hardness decreases much slower with depth for SPN425 than for N425. This indicates that the nitrided layer of the SPN425 specimen is thicker than the one of the nitrided-only specimen N425. Still further down, after about 60 µm, the micro-hardnesses of SN425 and SPN425 become similar to the one due to SMAT only, which is still about 1.5 times the value of the untreated and nitrided-only samples.
X-ray diffraction
The samples were also analysed by XRD in the conventional θ-2θ mode (Bragg-Brentano), providing information on phase structure from the nitrided surface layer down to about 5 µm below the surface. Fig. 4 shows the results for SS, N425, SN425 and SPN425 as well as for an untreated as-received sample for comparison. The latter yields three major diffraction peaks of γ (111), γ (200) and γ (220) in the 45-145° range, thus confirming the presence of the austenitic fcc phase. The SMATed sample (SS) gives a similar pattern, without any martensite transformation occurring in the surface layer during SMAT, contrary to [17] , where strain-induced martensite transformation was detected.
However, this may be due to the different treatment intensity and also a slightly different steel composition. However, all corresponding peaks were slightly broadened and shifted to lower angles, which can be attributed to grain refinement and to a compressive residual stress induced by SMAT [17] .
Before any treatment, the AISI 316 stainless steel exhibits a diffraction pattern characteristic of austenite (γ). In literature [for instance [1] [2] [3] [4] 24] , plasma nitriding treatments lead to the formation of a new phase called expanded austenite (γ N , or S-phase), which is a high-N-content solid solution phase.
This phase is not included in the ASTM X-ray diffraction index because its lattice parameter strongly Table 3 . Average grain size at 2 ± 1 µm below the surface for different treatments.
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